Snakebite is a public health problem in many countries of world. These accidents are considered a Neglected Tropical Disease and are responsible for a high morbidity and mortality index in the South and Southeast Asia and Sub-Saharan Africa. Angolan snake venoms are poorly investigated and no specific antivenom against them is available in the country. Thus, the aim of this study was to evaluate biochemical and immunogenic properties of male and female venoms from Naja nigricollis, Bitis arietans and Bitis gabonica snakes. These animals were collected during an expedition covering 1350 km of Angola, including the Provinces of Cuanza Sul, Benguela, Huíla and Malanje. Results showed that Angolan snake venoms present distinctive immunogenic properties and large intra-specific variations, associated to the gender and the geographic origin of the animals. Thus, it is possible to suggest that for the preparation of a therapeutic antivenom, intra-species variability should be taken into account, in order to obtain an efficient serum to neutralize the toxic effects of the Angolan snake venoms.
Introduction
Envenomation by snakebite is a public health problem, which affects many countries of the world (Chippaux, 2011; . It is estimated that, in the sub-Saharan Africa, 314,000 accidents, 7300 deaths and 8000 amputations occur annually (Chippaux, 2011) . In West Africa, the number of the accidents varies from 10,000 to 100,000 snakebites, with 1000 to 10,000 deaths (Kasturiratne et al., 2008) . Due to the relevance of the accidents and their consequences, snakebites were added to the Neglected Tropical Diseases list, by the World Health Organization (2017) .
The epidemiological situation of snakebites in Angola is so far unknown. Patients, particularly in rural areas, do not seek or do not have access to health services, making it difficult to obtain official record of the cases (World Health Organization, 2010) . Data from neighbouring countries of Angola, such as the Republic of Congo, show 120e450 bites per 100,000 inhabitants per year (Pugh et al., 1980; Chippaux, 2011) . Following the approach to estimate the snakebites in unrecorded countries, Angola is in the region 18 of Central Sub-Saharan Africa, where poisoning estimative is 18.176e47.820 cases per year, out of which from 256 to 3.083 people die (Chippaux, 2011; Kasturiratne et al., 2008) .
Young adults involved in agricultural activities are the most commonly affected individuals. The complex pathophysiological effects of the snake venoms act locally or systemically, and result in dysfunction and sequelae when not properly treated (Snow et al., 1994) .
The administration of specific antivenom is the only effective treatment for envenoming by snakebites. However, unsuccessful efforts of public health policies and of the antivenom producers have led Africa to a supply crisis, since the early 1990s, causing increased morbidity and mortality by these accidents . There is no production of antivenoms in most African countries, being the access to antivenom therapy only possible by purchasing the sera from private and some public laboratories (Warrell, 2008) .
Among the dangerous snakes found in Angola, there are N. nigricollis, B. arietans, and B. gabonica (Litschka-Koen and Williams, 2011) .
N. nigricollis (Black-necked Spitting cobra), Elapidae family, is encountered in North and Sub-Saharan Africa countries (Spawls and Branch, 1995; Clinical Toxinology Resources, 2017a) . Envenoming by N. nigricollis causes distinct symptoms mainly featured by local damage, which involve pain, swelling, blistering and extent tissue necrosis. In some cases, tissue necrosis is responsible for loss of function of the affected limb, since the lesion can evolve to chronic ulceration, osteomyelitis, arthrodesis, hypertrophic scars, keloid formation and malignant transformation (Rivel et al., 2016; World Health Organization, 2010) . The local damage can be accompanied by systemic reactions, such as inflammation, hemostatic disturbances, heart and hepatic injury and neurotoxicity (Tambourgi et al., 1994; Clinical Toxinology Resources, 2017a; Ghani et al., 2009 Ghani et al., , 2010 MacKay et al., 1969; Warrel et al., 1976; World Health Organization, 2010) . Proteomic analyzes of the N. nigricollis venom revealed the presence of several components, such as Three Finger Toxins (3FTX), metallo-(SVMP) and serinoproteinases (SVSP), phospholipases A 2 (PLA 2 ), Cysteine Rich Secretory Proteins (CRISP) and hyaluronidases (Petras et al., 2011) .
B. arietans (Puff Adder) is found on Middle East, North Africa and Sub-Saharan Africa (Spawls and Branch, 1995; Clinical Toxinology Resources, 2017b) , while B. gabonica (Gabon Adder) is found only in Sub-Saharan Africa (Spawls and Branch, 1995; Clinical Toxinology Resources, 2017c) . These snakes belong to the Viperidae family and cause several accidents, with similar clinical manifestations, including local and systemic reactions, such as swelling, pain, blistering and necrosis, headache, hemorrhage, coagulation disturbances, severe hypotension, nausea, vomiting, diarrhea, dizziness and convulsions (Clinical Toxinology Resources, 2017b , 2017c World Health Organization, 2010) . Bitis venoms present SVMP, SVSP, PLA 2 , hyaluronidases, C-type lectins (CTL), Bradykininpotentiating peptides (BPPs), among other components (Calvete et al., 2007; Kodama et al., 2015; Paixao-Cavalcante et al., 2015) .
The treatment indicated to envenoming by these snakes is the serum therapy. Since Angolan snake venoms are poorly investigated and, considering that there is no specific antivenom against them, the aim of this study was to evaluate biochemical and immunogenic properties of these venoms and the possible variability related to gender and geographic location of the snakes.
Material and methods

Chemicals and reagents
Tween 20, N-Cetyl-N,N,N-trimethylammonium bromide (CTAB), ortho-phenylenediamine (OPD), hyaluronic acid, diaminobenzidine (DAB), phenylmethanesulfonyl fluoride (PMSF), 1,10-phenanthroline (Phe), bovine serum albumin (BSA), goat antimouse (GAM) IgG horseradish peroxidase (IgG-HRPO), concanavalin A (Con A) and Wheat Germ Agglutinin (WGA) labelled with peroxidase, were purchased from SigmaeAldrich (St. Louis, MO, Fig. 1 . Ndala Lutangila Expedition. Map indicating the 1350 km covered by the expedition, including the Provinces of Cuanza Sul, Benguela, Huíla, Mufuma and Calandula, which are municipalities in the province of Malanje. In some of these areas, the snakes Bitis arietans, Bitis gabonica and Naja nigricollis were collected. USA). Bicinchoninic Acid Protein (BCA), GAM IgG labelled with alkaline phosphatase (IgG-AP), 5-bromo-4-chloro-3-indolyl-phosphate (BCIP) and nitroblue tetrazolium (NBT) were obtained from Promega Corp. (Madison, WI, USA). Fluorescent resonance energy transfer (FRET) substrates Abz-FRSSRQ-EDDnp (Abz-FRSSRQ) were acquired from GenOne Biotechnologies (Rio de Janeiro, RJ, Brazil). 8e16% SDS-PAGE (Amersham ECL Gel 8e16%, 10 wells) were gotten from GE Healthcare Life Sciences (Uppsala, Sweden). Aluminum Hydroxide was from Prati Donaduzzi (São Paulo, Brazil). EnzChek Phospholipase A2 Assay Kit was purchased from Invitrogen (California, USA).
Venoms
N. nigricollis, B. arietans and B. gabonica snakes were collected during an expedition named Ndala Lutangila (term used by local populations when referring to the Black Mamba) on March and April of 2014. On this expedition, 1350 km of Angola were covered, including the Provinces of Cuanza Sul, Benguela, Huíla and Malanje. This expedition aimed to collect snakes and to diffuse actions to populations and health professionals for the prevention of snakebite accidents (Fig. 1) . The collected animals (Table 1) were individually kept in appropriate cages. Then, they were transported and maintained in the Serpentarium of CIMETOX, at the Medical School of Malanje, Angola. Following manual extraction of the venoms from the different species in the CIMETOX Laboratory, the samples were frozen, lyophilized and stored at 4 C. Pools of venoms from Crotalus durissus terrificus or Tityus serrulatus were obtained from Butantan Institute. Protein concentration of the venoms was estimated by the BCA kit, according to manufacturer's recommendations. The final concentration of the venoms was adjusted to 5 mg/ mL with sterile saline solution. Samples were aliquoted and stored at À80 C.
Electrophoresis and western blot
Samples (30 mg) of female venoms of N. nigricollis from Malanje and Cuanza Sul, of male and female venoms of B. arietans from 2 municipalities of Malanje (Mufuma and Calandula) and Cuanza Sul, of male and female venoms of Bitis gabonica from Mufuma, were separated on 8e16% gradient SDS-PAGE (Laemmli, 1970) under reducing and non-reducing conditions. The gels were silver stained (Morrissey, 1980) or transferred onto nitrocellulose membranes as described by Towbin et al. (1979) . The membranes were blocked with 5% BSA in phosphate buffer saline (PBS: 10 mM sodium phosphate, 150 mM NaCl; pH 7.4). Sugar residues were detected with peroxidase labelled Con A or WGA, diluted in PBS-BSA 0.01% at 1:1000 and 1:2000, respectively. Reactive proteins were detected using a solution containing 0.1% hydrogen peroxide, 0.5 mg/mL DAB in PBS. To determine the specificity and cross-reactivity of experimental murine antiserum, the nitrocellulose membranes were incubated for 1 h at room temperature (RT) with the antisera diluted 1:800 (for anti-N. nigricollis venoms) or 1:6400 (for antiBitis spp venoms) in PBS -0.1% BSA. Then, the membranes were incubated with GAM/IgG-AP diluted 1:7500 in PBS, 0.1% BSA, 0.05% Table 1 List of snakes from some Angolan provinces from which venom was collected and used in the present study. Tween for 1 h at RT. Immunoreactive proteins were detected using NBT/BCIP, according to the manufacturer's instructions.
Hyaluronidase activity
The hyaluronidase activity of the venoms was evaluated following the procedures of Pukrittayakamee et al. (1988) . Briefly, venom samples (20 mg) were incubated during 15 min, at 37 C with hyaluronic acid. After this incubation, the reactions were stopped by adding CTAB solution (2.5% CTAB and 2% NaOH). Turbidity measurements were determined in ELISA plate reader (Multiskan EX, Labsystems, Finland) at l 405 nm. T. serrulatus scorpion venom was used as positive control. Hyaluronidase activity was expressed as TRU (turbidity reducing units)/mg.
PLA 2 activity
PLA 2 activity was determined using EnzChek™ Phospholipase A2 Assay Kit, according to the manufacturer's recommendations.
Venom samples (0.5 mg) were incubated with a phospholipid mix containing 10 mM Dioleoylphosphatidylcholine and 10 mM Dioleoylphosphatidylglycerol, in 96-well microtiter plates. The increase on the fluorescence was measured using a spectrometer FLUOstar Omega (BMG Labtech, Ortenberg, Germany) at the wavelength l EM 460 and l EX 515 nm, at 37 C, for 10 min. C. d. terrificus venom was used as positive control. Specific activity was expressed as Units of Fluorescence (UF) per minute per microgram of venom.
Proteolytic activity of the venoms
The fluorescence resonance energy transfer (FRET) substrate, Abz-FRSSRQ, was used to study the Angolan snake venom's proteolytic activity in the presence or absence of inhibitors, following the procedures described by Araújo et al. (2000) . The assays were conducted in 100 mL of phosphate buffer (50 mM phosphate, 20 mM NaCl, pH 7.4), containing the venom sample (1.0 mg), the FRET substrate in a final concentration of 5 mM, on Corning ® 96-well plates. The reactions were also performed in the presence of venom pre-treated with PMSF (5 mM) or Phe (5 mM), for 30 min at room temperature, before substrate addition. The reactions were monitored at 37 C (l EM ¼ 420 nm and l EX ¼ 320 nm) in a fluorescence spectrophotometer (FLUOstar Omega, BMG Labtech, Offenburg, Germany). As positive control, C. d. terrificus venom was used. Specific activity was expressed as units of free fluorescence (UF) of cleaved substrate/min/mg of venom.
Animals and venoms immunization procedures
Male Swiss mice, aged 2 months and weighting between 18 and 22 g, were obtained from the Central Animal Breeding from Butantan Institute.
Groups of Swiss mice (6 animals per group) were immunized, by subcutaneous route, with pools (5 mg/animal) of B. arietans venoms (containing 25% of male and 25% of female venoms from Mufuma, plus 25% of male venom from Calandula and 25% of female venoms from Cuanza Sul); B. gabonica venoms (containing 50% of male and 50% of female venom from Mufuma); or with N. nigricollis (containing 50% of female venom from Cuanza Sul and 50% of female venom from Malanje), diluted 1:25 in aluminum hydroxide, as adjuvant. During the process, exploratory bleeds were carried out to evaluate the kinetics of the antibody production against the venoms components. The blood samples obtained from the mice were centrifuged at 665 Â g during 10 min. The sera obtained were stored at À20 C until analyzes. The experiments were in accordance with ethical principles in animal research, adopted by the Brazilian Society of Animal Care Legislation nº 11.794/08. The experimental protocol was approved by Institutional Animal Care and use Committee (CEUAIB Nº 1364/15).
Antibody titers and cross-reactivity
ELISA plates were coated with 1 mg/well of venoms pools from N. nigricollis, B. arietans or B. gabonica in PBS (overnight at 4 C).
Plates were blocked with PBS-5% BSA and incubated with increasing dilutions of the murine antiserum for 1 h at 37 C. After incubation, the plates were washed with PBS/0.05% Tween 20 and incubated with the specific conjugated IgG-HRP during 1 h at room temperature. Then, plates were washed and the reactions developed with OPD substrate, according to the manufacturers conditions. The absorbances were recorded in a spectrophotometer (Labsystems, Finland) at l 492 nm. The antibody titers were established as the highest antivenom dilution, which produced an absorbance two times greater than that determined for the preimmune sera.
Statistical analysis
Statistical analysis were performed by t-test, one way ANOVA and Bonferroni's multiple comparisons test, using Prism 6 (GraphPad Software, Inc., USA). Statistical differences were considered significant when p 0.05.
Results
Biochemical analyses of N. nigricollis, B. gabonica and B. arietans venoms
All venoms from snakes collected in Mufuma, Calandula (both are from the municipalities of Malanje) and Cuanza Sul presented different electrophoretic profiles containing bands with molecular weight varying from~20 to 250 kDa (Figs. 2e4) . Under reducing conditions, the venoms presented extra bands of lower molecular weight, indicating that they may contain some proteins in oligomeric state. Differences in the electrophoretic profile, mainly in bands with molecular weight, ranging from 37 to 180 kDa, could be observed in the N. nigricollis female venoms. Besides that, N. nigricollis venom from Malanje showed a protein band with high molecular weight, which was not found in the venoms from snakes of Cuanza Sul (Fig. 2) . Electrophoretic differences were observed in the profiles of B. arietans venoms, associated with the gender and/ or geographic distribution (Fig. 3) . Differences in the electrophoretic profile associated with the gender were also observed in the B. gabonica venoms from animals collected in Mufuma (Fig. 4) .
The lectin western blot analysis showed that several proteins from the Angolan snake venoms contain N-acetyl-D-glucosamine and/or sialic acid, and a-D-mannosyl and/or a-D-glucosyl groups, as determined by using WGA and ConA, respectively (Fig. 5) . The specificity of the lectin binding was confirmed by the absence of bands on the membranes incubated with lectins in the presence of the specific sugars (data not shown). Moreover, as seen in Fig. 5 , variations in the glycosylation profile of the venoms components presented in the three species could also be associated with the gender and/or geographic distribution of the snakes from Cuanza Sul, Malanje, Mufuma and Calandula. Fig. 6 shows that all Angolan snake venoms presented detectable levels of hyaluronidase activity. However, this activity was statistically higher in female venoms of B. arietans and B. gabonica from Mufuma, as compared to the male venoms of animals collected in the same province. Moreover, significant statistically differences in the hyaluronidase activity were also observed in female venoms from N. nigricollis collected in Cuanza Sul and Malanje, as well as from B. arietans collected in Mufuma, Calandula and Cuanza Sul.
Enzymatic activities of Angolan snake venoms
The majority of the Angolan snake venoms, tested in this study, presented PLA 2 activity, with the exception of B. gabonica male venom from Mufuma, whose activity was not detectable (Fig. 7) . Nevertheless, female venom of B. gabonica snake collected in the same province, i.e. Mufuma, exhibited a high phospholipase A 2 activity (~2000 UF/min/mg). Intra-specific variations in the PLA 2 activity, also associated to the gender, were observed in the venoms of B. arietans from Mufuma, being the male's venom activity higher than the female's. The activity of N. nigricollis female venoms, from Cuanza Sul and Mufuma, were similar (~25000 UF/min/mg). Similar levels of activity were also observed in B. arietans male and female venom from Calandula and Cuanza Sul (~3500 UF/min/mg), although these venoms presented significantly higher activity than the snake venoms from Mufuma (Fig. 7) .
Finally, proteolytic activity of Angolan snake venoms upon FRET peptide substrate was investigated. In linear kinetics conditions (excess of substrate), the venoms from B. arietans and B. gabonica presented significant proteolytic activity on the peptide Abz-FRSSRQ. Variations depended on the gender as well as on the origin of the snake (Table 2) . However, none of the venoms from 871.31 ± 10.6* Inhibition: 55%
FRET ¼ Fluorescent resonance energy transfer.
Venoms samples (1.0 mg) were incubated or not with inhibitors for 30 min at room temperature. Then, substrate (5 mM) was added to the wells and the venom activity was measured at 37 C for 15 min, by spectrophotometry. The data represent the mean ± SD (n ¼ 3 assays, each done in triplicate). *p < 0.05 when compared the proteolytic activity of the venoms treated or not with the inhibitors. Sul, Malanje, Mufuma or Calandula, were incubated with a phospholipid mixture containing dioleoylphosphatidylcholine and dioleoylphosphatidylglycerol. The increase on the fluorescence was evaluated using a spectrophotometer at the wavelength l EM 460 and l EX 515 nm. The specific activity was expressed as Units of Fluorescence (UF) per minute per microgram of venom. Results are representative of three experiments performed in triplicate. Statistical analyses were performed using the t-test (for N. nigricollis and B. gabonica venoms) or One Way ANOVA (for B. arietans venoms) followed by Bonferroni multiple comparisons (*P < 0.05).
N. nigricollis were able to hydrolyse the substrate (data not shown). Upon pre-incubation with specific inhibitors, these activities could be partially or completely abolished ( Table 2 ). The proteolytic activity of B. arietans venom from Mufuma was inhibited up to 90% by PMSF and between 50 and 60% by phenanthroline, while B. arietans from Cuanza Sul was 100% inhibited by phenanthroline and 94% by PMSF. The venom of B. gabonica did not show significant proteolytic differences between genders. The male venom had its activity inhibited by around 31% by PMSF and 62% by phenanthroline, whereas the female venom had a proteolytic activity inhibition around 38% by PMSF and 55% by phenanthroline.
Immunogenicity
The immunogenic properties of the Angolan snake venoms were evaluated by ELISA, using sera obtained from mice inoculated with pools of venom from the different species. Fig. 8 shows that all venoms were able to induce IgG antibody production, and their kinetic was dependent on the number of inoculations. Control serum samples, collected from animals before starting the immunization process, or collected 15 days after the first venom injection, have no detectable levels of IgG antibodies. The antibody titers obtained from mice immunized with Bitis spp venoms were higher than the ones obtained from mice inoculated with N. nigricollis venom.
By western blot (Fig. 9) , it was possible to observe that the anti-N. nigricollis mice serum was able to recognize better, after the second round of immunization, the homologous female venom from Malanje. For B. arietans, it can be seen that the specific antiserum was also able to better recognize components present in the homologous female venom from Cuanza Sul. No differences were observed for the recognition of male and female venoms of B. gabonica from Mufuma by the specific murine antiserum.
Discussion
In the present study, we showed that the venoms from N. nigricollis, B. arietans and B. gabonica snakes presented variations in their protein composition and biological properties. These animals were collected during an expedition that covered about 1350 km, including several provinces of Angola. These variations could be associated with the species of the snakes, and/or their geographic origin and/or gender.
Venoms of females from N. nigricollis collected in two different provinces of Angola, i.e., Cuanza Sul and Malanje, exhibit not only differences in the electrophoretic profile of proteins, as well as in their glycosylation, and levels of hyaluronidase activity. Glycosylation is a post-translational modification that enhances snake venom complexity, as demonstrated with B. jararaca venom (Zelanis et al., 2010 (Zelanis et al., , 2012 . Hyaluronic acid is a polysaccharide of high molecular mass, which is an essential component of extracellular matrices in soft interstitial tissues. Hyaluronidasemediated degradation of hyaluronic acid increases interstitial tissue permeability and lowers the viscosity of extracellular fluids (Girish and Kemparaju, 2006) , enhancing diffusion of toxins and promoting their direct contact with cellular membranes. In many animal venoms, PLA 2 is important for immobilization and digestion of the prey, as well as responsible for a variety of toxic and pharmacological actions, some of which are associated with the Fig. 8 . Titers of the antivenoms raised against a pool of venoms from Angolan snakes. ELISA plates were coated with 1.0 mg of the venoms/well and incubated with different dilutions of the experimental antivenoms produced in mice, followed by the specific IgG-HRPO-conjugated. Results are representative of three experiments performed in triplicate that were expressed as the mean of absorbance value ± SD. Fig. 9 . Reactivity of the Angolan snake venoms to the experimental mice antivenoms. Venoms samples (15 mg) were separated by electrophoresis and electrotransferred to nitrocellulose membranes and incubated with the mice antivenoms diluted 1:800 (N. nigricollis) or 1:6400 (Bitis sp), followed by GAM/IgG-AP (1:7500). Cross-reacting bands were visualized with NBT-BCIP. pathophysiology of snakebite envenoming (Gutierrez and Lomonte, 2013) . Similar and strong PLA 2 activity was detected in N. nigricollis females' venoms from the two provinces.
The presence of hyaluronidases and PLA 2 in N. nigricollis venom from Tanzania, Togo, Cameroon and Nigeria have already been reported in a proteomic study performed by Petras et al. (2011) . Thus, the high content of hyaluronidase and PLA 2 may contribute for the clinical manifestations of the envenomation, which includes swelling, blistering and extent tissue necrosis (World Health Organization, 2010) . On the other hand, using the FRET substrate, Abz-FRSSRQ, it was not possible to detect proteolytic activity in the N. nigricollis venoms, although SVMPS and SVSP have been described in a proteomic analysis (Petras et al., 2011) .
Differences in the female N. nigricollis venoms were also observed when their immunogenic properties were investigated. Mice were used as model for the immunization, and it was possible to detect IgG production, although with low titers at the end of the third immunization. This experimental antivenom was able to recognize better components of N. nigricollis from Malanje than from Cuanza Sul, suggesting that female venom components of the snake from Malanje are higher immunogenic.
In relation to Bitis spp venoms, it was possible to observe that the electrophoretic profiles vary between the B. arietans and B. gabonica species analyzed in this study. These results are in agreement with data from previous biochemical (Boche et al., 1981) , proteomic (Calvete et al., 2007) and genomic (Currier et al., 2010) studies. All Bitis venoms, as here analyzed, presented hyaluronidase and PLA 2 activity, which was also previously described in proteomic (Calvete et al., 2007) and functional studies (Paixão-Cavalcante et al., 2015) . Nonetheless, it was possible to observe a large difference in the hyaluronidase activity associated to the gender in the venoms of B. arietans and B. gabonica from Mufuma, as well as related to the geographic origin in the venoms of B. arietans. Levels of phospholipase activity were also different in venoms from B. arietans and this could be associated to both gender and geographic distribution. A surprising finding was the absence of PLA 2 activity in the male venom of B. gabonica and a strong activity in the female venom. This data deserves further study, with the analysis of a larger panel of venoms obtained from B. gabonica male specimens from Mufuma.
Bitis spp venoms displayed hydrolytic activity on the peptide Abz-FRSSRQ. Interestingly, the proteases of the Bitis venoms here analyzed were inhibited by PMSF and 1.10 phenanthroline. Again, differences in the hydrolytic activity, upon the FRET substrate, were observed and associated with the geographic distribution and/or gender of the Bitis spp snakes. Moreover, these results were different from our previous study analysing venoms from B. arietans, obtained from males and females snakes, with different ages, captured in Guinea, S. Tome, Angola and Mozambique, and maintained in captivity (Paixão Cavalcante et al., 2015) . In this previous study, the hydrolytic activity of B. arietans venom was totally inhibited by EDTA and Phenanthroline, but not by PMSF, indicating a large variation in this activity related to the origin of the snakes. All B. arietans and B. gabonica venoms were highly immunogenic for mice, but differences in the proteins recognition by the experimental antivenom were also observed and associated with gender and geographic distribution of the snakes.
In conclusion, in this report we have biochemically characterized the venoms from three species of snakes, involved in accidents with humans, that were collected during an expedition that covered 1350 km from Angola. These venoms possess a combination of enzymes that may act in the generation and development of some of the clinical manifestations of the envenomation. Furthermore, we reported that these venoms showed distinctive immunogenic potential, and that the venoms' differences may be associated to the gender and geographic origin of the snakes. These results emphasize that for the preparation of an efficient therapeutic antivenom, the intra-species variability associated with gender and geographic distribution of the snakes should be taken into account, in order to obtain an efficient serum to neutralize the toxic effects of the Angolan snake venoms.
